Protein synthesis, as estimated from incorporation studies with [14C]valine, was barely detectable when organisms were starved in phosphate buffer containing Mg2+. The addition of an energy source promoted limited protein synthesis. In this respect glucose produced a much higher rate of [l*C]valine uptake and incorporation than arginine. Although arginine prolonged survival, experiments with inhibitors showed that this was unlikely to be due to the protein synthesis which had been promoted. The ability of starved organisms to assimilate [14C]valine and to incorporate the isotope into protein in the presence of glucose appeared to be correlated with survival.
Protein synthesis, as estimated from incorporation studies with [14C]valine, was barely detectable when organisms were starved in phosphate buffer containing Mg2+. The addition of an energy source promoted limited protein synthesis. In this respect glucose produced a much higher rate of [l*C]valine uptake and incorporation than arginine. Although arginine prolonged survival, experiments with inhibitors showed that this was unlikely to be due to the protein synthesis which had been promoted. The ability of starved organisms to assimilate [14C] valine and to incorporate the isotope into protein in the presence of glucose appeared to be correlated with survival.
Synthesis of RNA in starved organisms, as determined from [14CJuracil incorporation experiments, depended on exogenous glucose. During brief exposures to [14C] uracil plus glucose at intervals during starvation, organisms incorporated decreasing amounts of isotope into RNA although incorporation by non-viable organisms occurred at approximately half the initial rate. Although resynthesis of both protein and RNA was demonstrated with added energy sources, no evidence was obtained to suggest that this favoured survival.
I N T R O D U C T I O N
When bacteria are starved of a nitrogen source, net protein and RNA synthesis stops but protein and RNA turnover may continue for several hours. Degradation of pre-existing protein and RNA provides amino acids and bases for resynthesis (Mandelstam, 1960 (Mandelstam, , 1963 . Although the rates of protein degradation may be similar in both nitrogen-and carbon-limited media (Willetts, 1967) , the rate of protein synthesis depends on an energy source (Schlessinger & Ben-Hamida, 1966) . These authors reported declining, although significant protein turnover in nitrogen-starved Escherichia coli for at least 20 hr. Ben-Hamida & Schlessinger (1966) recorded a much lower rate for RNA turnover in nitrogen-starved E. coli and concluded that ribosomes were not resynthesized and that the net effect of the turnover process was to transfer amino acids and nucleotides from a surplus of ribosomes to the soluble proteins, energy supply and reserves required for subsequent adaptations.
Macromolecule resynthesis may represent a mechanism whereby cell constituents, whose loss is particularly likely to result in death, may be selectively reformed from dispensible material (Burleigh & Dawes, 1967) . The present paper describes experiments undertaken to determine the role of polymer resynthesis in the survival of starved Streptococcus lactis.
growth and starvation and the methods used for determining bacterial mass and viability were described in preceding papers (Thomas & Batt, 1968 , 1969a (Ikawa & Snell, 1960) .
For the measurement of [14C]valine uptake by whole cells, culture samples (2 ml.)
were filtered on membrane filters, washed with ten 2 ml. volumes of 0.075 M-phosphate buffer containing unlabelled L-valine (200 ,ug./ml.) and dried. The washing procedures used for incorporation and uptake measurements removed all radioactivity from the membrane filters in control systems to which cells had not been added. 
RESULTS
Protein synthesis. Protein synthesis, determined by the measurement of 1l4C]valine incorporation into hot TCA-insoluble material, required an exogenous energy source (Table I) Net protein synthesis appeared to stop when the glucose was exhausted. By contrast, net synthesis stopped in the presence of excess arginine, even with casamino acids present ( Table I ) . Streptococcus Zactis M L~ organisms contained 23 pg. valinelmg. dry wt (Thomas & Batt, 1969a) . Assuming that all the valine is present in cell protein and that the protein synthesized in starved organisms contained the above proportion of valine, then the amount of protein synthesis in starved organisms could be calculated from the rates of [14C]valine incorporation. On this basis, with exogenous glucose and arginine, protein synthesis would amount to about 2 % and 0-5 % of the total cell protein in the first hour of starvation. The apparent cessation of protein synthesis after a period of starvation in the presence of arginine may have resulted from a balance being reached between protein synthesis and degradation. However, no relevant data were available to estimate the rate of protein degradation in the presence of exogenous arginine. Any TCA-insoluble protein released from starved organisms into the external medium during these experiments would be measured as cell protein.
The concentration of free valine in S. Zactis accounted for only I % of the total amino acid pool (Thomas & Batt, 19694 . On incubation with glucose and radioactive valine, the concentration of free intracellular valine was calculated to increase by about three-fold so that the over-all change in the free amino acid pool during incorporation experiments was probably small and the differences in the rates of protein synthesis are not likely to result from differences in the levels of free amino acids.
Chloramphenicol caused 78 % and 86 % inhibitions of protein synthesis in the presence of glucose and arginine respectively (Table I) The ability of starved organisms to assimilate [14C]valine and to synthesize protein appeared to be correlated with survival (Fig. I) . With the bacterial concentration used in this experiment, 10 mwarginine would be metabolized in approx. 4 hr (Thomas & Batt, 1969b) and consequently survival was not enhanced to the same extent as at lower bacterial densities. Although chloramphenicol inhibited protein synthesis, it did not increase the death rate and, in fact, there appeared to be a reduction in the death rate in some systems ( Table 2) .
RNA synthesis. RNA synthesis in starved organisms, as determined by the incorporation of [14C]uracil into cold TCA-insoluble material, required exogenous glucose (Table 3 ). Exogenous arginine gave only trace [l4C]uraci1 incorporation in contrast to its effect on [l*C]valine incorporation (Table I) . Net RNA synthesis stopped in the presence of excess glucose and uracil after a short starvation period (Table 3 ). This may have been due to either a shortage of other intermediates or to a balance being reached between synthesis and breakdown. Samples (2 ml.) were removed at intervals and added to 20pl. buffer containing p4CJuracil (0.5 pc., 6opg.) and glucose (20pmoles). After incubation for 10 min. at 30°, the incorporation of [1*c]uracil into RNA was determined (0) (see Methods). Results are based on the initial bacterial mass and viability ( . ) was determined by slide-culture. The rate of RNA synthesis rose to a reproducible maximum soon after the onset of starvation and then fell steadily (Fig. 2) . Non-viable organisms still incorporated [14CJuracil into RNA at an appreciable rate. longed survival with added arginine is unlikely to be a result of the limited protein synthesis which took place. In some starvation environments chloramphenicol was shown to reduce the death rate. As well as inhibiting protein synthesis, chloramphenicol may indirectly inhibit protein degradation (Schlessinger & Ben-Hamida, 1966; Willetts, 1967) and hence may exert some sparing action on specific cellular proteins which are essential for survival of Streptococcus lactis. All reported studies involving the starvation of vegetative bacteria indicate that, while macromolecule degradation may be balanced by synthesis during the initial starvation period if an adequate energy source is present, diminishing synthesis and a net increase in catabolism eventually results.
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